A large and complex bacterial community inhabits the distal intestinal tract of humans. This collection, known as the intestinal microflora, is dominated numerically by obligately anaerobic bacterial species. Many of these species have never been cultivated under laboratory conditions. Nucleic acid-based techniques now permit, however, the analysis of even the non-cultivable members of the bacterial community. Polymerase chain reaction (PCR) coupled with denaturing gradient gel electrophoresis (DGGE) provides a useful technique for comparisons of the composition of faecal or intestinal microfloras. PCR=DGGE has been shown to be useful in demonstrating changes that occur in the composition of the faecal microflora of infants administered antibacterial drugs. This research is important because treatment with oral antibiotics during the first 2 y of life has been identified as a predictor of subsequent atopic disease. The treatment of young children with broad spectrum oral antibiotics might produce perturbations in the composition of the intestinal microflora such that bacteria important in promoting Th1 mechanisms are depleted at a crucial age. This could result in Th2 dominance over Th1 immune responses to environmental antigens and an increased incidence of atopic disorders. PCR=DGGE provides a useful screening method to determine the impact of antibiotic treatment on the composition of the intestinal microflora of children and to identify the bacterial groups that are most affected.
The human intestinal microflora
The intestinal microflora of humans is a complex bacterial community in which obligately anaerobic species predominate and which is confined to the distal small bowel and large bowel. It is estimated that perhaps 400 bacterial species can inhabit the human intestinal tract, although probably 30 -40 species predominate in the microflora of each human (Drasar & Barrow, 1985) . Some of the bacterial groups form large populations and are represented in the faeces at about 10 11 cells per gram (Franks et al, 1998) . Much of our knowledge of the composition of the gut microflora of humans is derived from bacteriological studies that utilized the traditional techniques of culture, microscopy and the determination of the fermentative and other biochemical capabilities of bacterial isolates (Holdeman & Moore, 1972; Moore & Holdeman, 1974; Moore et al, 1978; Finegold & Sutter, 1978; Finegold et al, 1983) . This work, still important in studies of the microflora, requires the use of apparatus such as anaerobic glove boxes, or test tubes flushed with an oxygen-free gas, to provide a suitably reduced environment that will enable extremely oxygen-sensitive bacteria to be cultivated. Hence the logistics associated with the isolation and identification of obligately anaerobic bacteria are formidable. Probably the major handicap to successful analysis of the gut microflora has been the inability of bacteriologists to cultivate all of the members of the bacterial community under laboratory conditions (O'Sullivan, 1999) . About 60% of the total microscopic count cannot be cultured even with the best anaerobic culture methods (Tannock et al, 2000) . This problem has been solved to some extent in microbial ecology by the use of analytical approaches that are DNA-based and hence are referred to as molecular methods (Vaughan et al, 2000) . The target within the bacterial chromosome for these DNA-based methods is usually the 16S rRNA gene.
Carl Woese revealed that small ribosomal subunit RNA (16S rRNA in the case of bacteria) contains regions of nucleotide base sequence that are highly conserved and that these are interspersed with hypervariable regions, known as V regions (Woese, 1987) . These hypervariable regions contain the signatures of phylogenetic groups and even species. The taxonomic information contained in 16S rRNA genes forms the basis of molecular analytical methods.
A combination of polymerase chain reaction (PCR) and denaturing gradient gel electrophoresis is a relatively new approach to monitoring the composition of complex bacterial communities. PCR coupled with temperature gradient gel electrophoresis (TGGE) has been shown by Zoetendal et al (1998) to provide an excellent method for comparative monitoring of the faecal microflora. Since this pioneering work, denaturing gradient gel electrophoresis (DGGE) has superseded TGGE. Bacterial DNA is extracted from the faecal or gut sample. A variable region of the 16S rRNA gene is amplified by PCR from the DNA. The primers used to accomplish this anneal to conserved regions in the 16S gene and hence will amplify DNA from all bacteria, and are therefore referred to as universal primers. One of the primers has a GC-rich 5 0 end (GC clamp) to prevent complete denaturation of the DNA fragments. The PCR product obtained from a sample contains 16S fragments from all of the bacterial types that were present in that sample. The various types of fragment in the mixture are separated from each other by DGGE. The double-stranded 16S fragments migrate through a polyacrylamide gel containing a gradient of urea and formamide until they are partially denatured by the chemical conditions. The fragments do not completely denature because of the GC clamp, and migration is radically slowed when partial denaturation occurs. Because of the variation in the 16S sequences of different bacterial species, chemical stability is also different; therefore different 16S 'species' can be differentiated by this electrophoretic method. The separation of 16S fragments produces a profile of the bacterial community in which each bacterial type is represented by a DNA fragment (Muyzer & Smalla, 1998) .
The Welling group at the University of Groningen, The Netherlands, has pioneered fluorescent in situ hybridization (FISH) as a means of investigating the intestinal microflora (Franks et al, 1998) . They have derived oligonucleotide probes, labelled with fluorescent dyes, that target 16S rRNA sequences. Although an array of hundreds of probes could be used to enumerate bacterial species in faecal samples, due to practical considerations, a small collection of probes that recognize large phylogenetic groups of bacteria have been used. It has been estimated that these probes currently detect about twothirds of the members of the faecal microflora. Bacteroides and members of the Clostridium coccoides -Eubacterium rectale group constituted about half of the faecal microflora in the FISH study. Technical difficulties can influence the accuracy of the results. The oligonucleotide probes must reach their target sequence, which is inside the bacterial cell, by passing through the cell wall. This is more easily achieved with some bacterial species than with others (Welling et al, 1997) . The method is best for enumeration of the numerically predominant members of the microflora, the lowest level of detection being 10 6 cells per gram (Welling et al, 1997) .
DNA -RNA hybridizations provide a means of determining the proportions in which specific bacterial groups occur within the microflora. In this method, bacterial RNA is extracted from samples and dot-blotted to membranes. The membranes are probed with a collection of radioactively labelled oligonucleotides, each specific for a particular bacterial group. A universal probe (currently Bact338) that hybridizes to a conserved rRNA sequence in the majority of bacterial cells is used as a reference against which the hybridization results of the other probes are compared. This provides a means of calculating the proportions that the various populations form in the total bacterial community. In work carried out in France, six oligonucleotide probes detected, on average, 70% of the 16S rRNA hybridized by the universal probe in faecal extracts from 27 human subjects. BacteroidesPrevotella -Porphyromonas accounted for 37% of the faecal microflora, Clostridium coccoides group for 16% and the Clostridium leptum group for 14%. Bifidobacteria, enterobacteria and Lactobacillus -Streptococcus -Enterococcus each comprised only about 1% of the microflora (Sghir et al, 2000) .
Oligonucleotide probes can only be derived if the microbial members of the ecosystem are known. Phylogenetic analysis of the community, such as that carried out by Suau et al (1999) , or perusal of the 16S rDNA sequences derived from cultured bacterial species, or sequences gathered from DNA fragments eluted from DGGE gels, are thus prerequisite to successful use of FISH or DNA -RNA hybridizations.
Homeostasis and the intestinal microflora
Dr Simon Stebbings and members of the University of Otago group recently investigated the faecal microflora of 15 patients with ankylosing spondylitis and of 15 age-and gendermatched controls. Profiles of the faecal microflora were derived by PCR amplification of the V2 -V3 region of the bacterial 16S ribosomal RNA genes in DNA extracted from 90 faecal samples (three samples from each subject obtained at monthly intervals), followed by DGGE. In collaboration with Drs Hermie Harmsen, Gjalt Welling (The Netherlands), and Dr Joel Dore (France), specific bacterial groups were enumerated and expressed as a proportion of the total bacterial community in single samples from each subject by FISH using DNA probes, and by hybridization of radioactively labelled DNA probes to bacterial RNA extracted from faeces. The total microflora was measured by DAPI staining in the case of FISH, and by hybridization of a universal 16S rRNA probe in the case of DNA -RNA hybridization.
It was observed that all 30 subjects had unique and stable bacterial community profiles generated from their faeces. Thus each subject could be differentiated from all others by the pattern of 16S rRNA gene, V2 -V3 fragments, in their DGGE profile. Moreover, the patterns did not vary significantly over the 3 month monitoring period (see Figure 1 for examples). Because of the complexity and individuality of faecal microfloras, it was impossible to differentiate patients and controls on the basis of the composition of the whole faecal microflora.
Populations of bacterial groups enumerated by FISH or DNA -RNA hybridization did not differ as proportions of the total microflora between patients and controls. A wide variation in the proportion of the total microflora comprised by the major phylogenetic groups was detected (Table 1) , emphasizing the uniqueness of individual microfloras observed by PCR=DGGE. In the case of human subjects, therefore, the uniqueness of individual microfloras confounded easy comparison of samples from patients and controls.
PCR=DGGE using lactic acid bacteria-specific primers detects changes in the composition of the intestinal microflora
We have used genetic fingerprinting (pulsed field gel electrophoresis of chromosomal digests) of bacterial isolates to analyse the composition of the Lactobacillus populations present in the faeces of humans during a study aimed at measuring the impact of probiotic consumption on the composition of the faecal microflora (Tannock et al, 2000) . The composition of the faecal microflora of 10 healthy subjects was monitored before (control period of 6 months), during (test period of 6 months) and after (posttest period of 3 months) the administration of a milk product containing Lactobacillus rhamnosus DR20 (daily dose of 1.6 Â 10 9 lactobacilli). Monthly faecal samples were examined by a variety of methods including bacteriological culture, FISH with group-specific DNA probes, DGGE of the V2 -V3 region of 16S rRNA genes amplified by PCR, gasliquid chromatography, and bacterial enzyme activities. The composition of the Lactobacillus population of each subject was analysed by PFGE of bacterial DNA digests in order to differentiate between DR20 and other strains present in the samples. Consumption of the probiotic altered the composition of the Lactobacillus populations of the subjects, but to varying degrees. The presence of DR20 among the numerically predominant strains was related to the presence or absence of a stable indigenous population of lactobacilli during the control period. Strain DR20 did not persist in numbers > 10 2 per gram in the faeces of any of the subjects after consumption of the product ceased, save for one subject in which it could be detected for 2 months during the posttest period. It was concluded that consumption of the DR20-containing milk product transiently altered the Lactobacillus content of the faeces of the majority of consumers without markedly affecting biochemical or other bacteriological factors (Tannock et al, 2000) .
In a previous study, we noted that about half of the subjects that we investigated harboured a Lactobacillus population of relatively simple composition in which one or two strains persisted throughout the study as numerically predominant isolates (Kimura et al, 1997) . We observed the same phenomenon in the DR20 study where four of the 10 subjects were host to a single dominant strain. Interestingly, these strains belonged to only two species: L. ruminis and L. salivarius subsp. salivarius. These four subjects consistently harboured Lactobacillus populations of between 10 4 and 10 9 throughout the study. In contrast, other subjects had widely fluctuating numbers of lactobacilli, being undetectable in some faecal samples. Figure 1 Bacterial community profiles generated from faecal DNA using universal PCR primers HDA1-GC=HDA2. Lanes 1 -3, faecal samples obtained from subject 1; lanes 4 -6, subject 2; lanes 7 -9, subject 3. The samples from each subject were collected about 1 month apart. 
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Strain DR20 predominated amongst the strains of lactobacilli during the test period in subjects with fluctuating (unstable) Lactobacillus populations in terms of size or composition in their control period samples. In these subjects, different strains of lactobacilli were present in the faeces during the post-test period compared with the control period, emphasizing the general instability of the Lactobacillus population in these individuals. The probiotic strain did not predominate in samples collected from subjects with Lactobacillus populations of stable composition. Indeed, strain DR20 was never cultivated from the faeces of one of these subjects (Tannock et al, 2000) . Analysis of the faecal samples of this subject using PCR primers that specifically amplified a 16S rDNA sequence from lactic acid bacteria, coupled with DGGE, showed that the L. rhamnosus strain nevertheless was present in the samples (Walter et al, 2001 ; Figure 2 ). Thus PCR=DGGE using groupspecific primers increased the sensitivity of detection of the probiotic strain.
PCR=DGGE targeting the transaldolase gene of bifidobacteria
Bifidobacterial species are common members of the gut microflora of humans, comprising up to 10% of the total faecal microflora of adults (Franks et al, 1998; Langendijk et al, 1995; Sghir et al, 2000) . They are more numerous in the infant gut where they form up to 91% of the total microflora in breast-fed babies, and up to 75% in formula-fed infants . Perhaps because of their prevalence in the faeces of infants suckled at the breast, bifidobacteria are considered to be beneficial bacteria and they are used in the preparation of probiotic products (Goldin & Gorbach, 1992) . The bifidobacteria are obligately anaerobic bacteria and require the provision of a reduced environment for cultivation in the laboratory. Selective media have been described for the cultivation of bifidobacteria, but bias may be introduced through the use of such media if they do not equally support the growth of all of the Bifidobacterium species encountered in human faeces (Beerens, 1990) . The identification of bifidobacterial species is considered to be difficult when based on phenotypic characteristics of the bacteria (Tannock, 1999) . All of these culture-related factors limit the opportunities to conduct quality research about bifidobacterial populations in the gut. The derivation of PCR primers that are species-specific has greatly aided the detection and identification of these bacteria in microbial ecological studies (Matsuki et al, 1999) . To date, species-specific PCR primers for bifidobacteria have targeted 16S rRNA gene sequences. Detection and identification of bifidobacteria using these primers is, however, logistically demanding since at least eight species are commonly encountered among the human gut microflora (Biavati et al, 1984 (Biavati et al, , 1986 Mitsuoka, 1992) . The use of genus-specific PCR primers targeting the 16S rRNA gene, coupled with DGGE, has provided a screening method for the detection and identification of bifidobacterial species (Satokari et al, 2001 ). 16S rRNA sequences are highly conserved amongst the bifidobacteria and there are multiple copies of the 16S rRNA gene per chromosome (Bourget et al, 1993; Frothingham et al, 1993) . These features might influence the outcome of nucleotide sequence-based identifications and quantitative PCR methods. We investigated the use of an alternative gene sequence for use in the identification, detection and enumeration of bifidobacterial species by PCR. Bifidobacteria produce at least 14 types of transaldolase that can be differentiated by protein electrophoresis and by serology (Sgorbati et al, 1995) . This suggested that the amino acid sequences of these isoenzymes of transaldolase were different and that, in turn, the nucleotide base sequence of the transaldolase gene might be variable between species. The Otago research group has demonstrated that this is indeed so, and that PCR=DGGE targeting of the transaldolase gene enables Bifidobacterium species to be detected and differentiated. DNA was extracted from faecal samples obtained from 10 adult and two infant subjects as described by Tannock et al (2000) using a FastDNA kit (BIO 101, Vista, USA). The faeces had been stored at 720 C. DNA extracted from the faecal samples was used as template (100 ng) in PCR reactions with the ForTal and RevTal-GC primers, and the PCR amplicons were used in DGGE as described above. It was observed that the majority of type cultures of bifidobacterial species reported to occur in human faeces could be differentiated by PCR=DGGE. Intraspecies heterogeneity in the transaldolase target sequence resulted in the recognition of two subtypes of B. longum, two of B. pseudocatenulatum, and five subtypes of B. adolescentis among faecal isolates of bifidobacteria. (4, 5), and post-test period (6 -9). Reproduced by permission.
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Analysis of the faecal microflora of children treated with antibiotics Decreasing exposure to infection has been suggested as an explanation for the increasing prevalence of atopic disease -the hygiene hypothesis (Hopkin, 1997) . As part of this explanation four separate studies have now shown that exposure to antibiotics in early childhood confers an increased risk of subsequent atopic disease (Farooqi & Hopkin, 1998; Wickens et al, 1999; Alm et al, 1999; Droste et al, 2000) . Antibiotics could potentially cause a reduction in the exposure of children to a multiplicity of bacterial antigens. This, in turn, might affect the development of the immune system of children such that counter-regulation of the T-helper-2-skewed immune system of the neonate is reduced (Hopkin, 1997) . In New Zealand, it has been shown that antibiotic treatment in early childhood is significantly associated with a subsequent history of asthma, especially if multiple courses have been prescribed (Wickens et al, 1999) . To explore this further, the effect of antibiotics on the faecal (bowel) microflora of young children has been examined.
Faecal samples were obtained at the time of recruitment and stored frozen. Ten of the children included in the study were prescribed antibiotics during the project period. The most common indication for treatment was otitis media (six courses). A faecal sample was obtained 1 -6 days into the treatment period and 5 -26 days after the completion of antibiotics. These samples were frozen and sent to the laboratory on dry ice. Upon receipt, the samples were thawed, diluted 10-fold in phosphate buffered saline (pH 7.5) and 1 ml volumes were used for extraction of bacterial DNA (Tannock et al, 2000) .
In seven of the 10 children, antibiotic treatment resulted in a marked alteration to the bacterial community profile in DGGE gels (see Figure 3 for example). The composition of the gut microflora returned to pre-treatment profiles once therapy was terminated in five of the seven children. In seven of the children, antibiotic administration resulted in a change in the bifidobacterial population (bifidobacteria not detected, elimination of a species, or reduced intensity of staining of DNA fragment; see Figure 3 for example) as demonstrated by genus-specific PCR primers (transaldolase gene target) and DGGE.
The observations showed clearly that the administration of antibiotics in routine regimes, for common conditions in children resulted in marked alterations in the overall profile of the bacterial community in the faeces, and reduced detection of bifidobacteria. Recently differences in bifidobacterial microflora composition have been described in allergic and healthy infants (Ouwehand et al, 2001 ). This study showed that the gut microflora of children, including bifidobacterial populations, is easily perturbed by antibiotic administration and, especially in the case of multiple courses of antibiotic, exposure of the immune system to bacteria critical in its programming might be reduced. 
